TITLE OF THE INVENTION 
OPTICAL ENCODER 
5 BACKGROUND OF THE im^^NTION 

Field of the Invention 

[000 1] The present invention relates to an optical encoder having a 
reflection mechanism using an annular diffraction grating for detecting 
10 information relating to the position or the angle in an industrial measuring 
apparatus or the like. 
Description of the Related Art 

[0002] FIG. 1 is a perspective view illustrating the configuration of a 
conventional linear encoder. In FIG. 1, a light beam from a 

15 semiconductor-laser light source 1, serving as a coherent light source, is 
divided into polarized components by a polarizing beam splitter 3 via a 
collimator lens 2. A P-polarized light beam passing through the polarizing 
beam splitter 3 is projected onto a diffraction-grating portion on a scale 4 
with an angle 6 after being propagated on an optical reflecting surface, is 

20 emitted as a + first-order diffracted light beam by being reflected, is returned 
to the original optical path by a reflecting optical element 6 via a 
1/4-wavelength plate 5, and is finally returned to the polarizing beam splitter 
3 by being subjected to H- first-order diffraction. 

[0003] An S-polarized light beam reflected by the polarizing beam 

25 splitter 3 is projected onto the diffraction-grating portion on the scale 4 with 
an angle 6 after being propagated on the optical reflecting surface, is 
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emitted as a - first-order diffracted light beam by being reflected, is returned 
to the original optical path by a reflecting optical element 6 via a 
1/4-wavelength plate 5, and is returned to the polarizing beam splitter 3 by 
being subjected to - first order diffraction. 

5 [0004] Since the 1/4-wavelength plate 5 is inserted in the optical path of 
each of the diffracted light beams, the orientation of polarization is shifted by 
90 degrees during the back and forth movement, so that the + first-order 
diffracted light beam and the - first-order diffracted light beam are returned 
to the polarizing beam splitter 3 as an S-polarized light beam and a 

10 P-polarized light beam, respectively. Accordingly, the + first-order diffracted 
light beam is reflected by the polarizing beam splitter 3 and the - first-order 
diffracted light beam passes through the polarizing beam splitter 3, and the 
two light beams are emitted in a state in which the wave surfaces of the two 
light beams are superposed. Then, the superposed hght beams are converted 

15 into a Unearly-polarized hght beam, in which the orientation of polarization 
changes based on the phase difference between the two light beams, while 
passing through a 1/4-wavelength plate 7. The light beam is then divided into 
two light beams by a non polarizing beam splitter 8 provided behind the 
1/4-wavelength plate 7. Only light beams having specific orientations of 

20 polarization are extracted by polarizing plates 9a and 9b, and light/dark 
signals are obtained in photosensors 10a and 10b. 

[0005] Since the phases (timings) of the light/dark signals are provided by 
deviations iri the orientations of polarization of the polarizing plates 9a and 
9b, the phase difference between the light/dark signals is set to 90 degrees by 
25 shifting the orientations of polarization of the polarizing plates 9a and 9b by 
45 degrees. 
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[0006] A refractive-index-distribution-type lens optical system is used as 
the reflecting optical element 6, whose length is selected so as to condense an 
incident parallel Ught beam at an end surface. A reflecting film is coated on 
the end surface. 

5 [0007] Such an optical element is called a cats eye, and has the property 
of guiding an incident light beam in the entirely opposite direction. In general, 
the above-described encoder has the properties that, when the wavelength of 
the semiconductor-laser light source 1 changes, the diffraction angle changes 
to shift the optical path and to change the angle between two light beams to 

10 be subjected to interference. As a result, the state of interference changes. 

[0008] Furthermore, if the relative alignment between the scale 4 and the 
detection head unit shifts, the optical path is also shifted. 

[0009] However, by using the above-described reflecting optical element 6, 
the light beam moves with an original angle even if the diffraction angle 
15 changes, so that the path of the rediffracted light beam does not change. As a 
result, stable measurement can be performed. 

[OOlO] However, in the above-described conventional approach, the 

reflecting optical element 6 must have a size of about 5 mm. Since it is 
necessary to project the light beam substantially perpendicularly in order to 
20 obtain a predetermined performance, the location to dispose the reflecting 
optical elements 6 must generally be determined in accordance with the 
diffraction angle. In addition, since the reflecting optical elements 6 are 
obliquely disposed in the space, reduction in the size of the entire encoder is 
limited. 

25 [00 ll] When the scale 4 is a rotary encoder, a radial diffraction grating is 
used. In this case, if the light beam is not projected onto a central portion of 
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the cats eye, the location irradiated by the returned Ught beam is slightly 
shifted when the returned light beam is reprojected onto the 
diffraction- grating scale 4. 

[0012] As a result, the phenomenon that the orientation of the 

5 redif&acted light beam is shifted occurs. The influence of this phenomenon is 

larger as the pitch of the grating is smaller to the order of micrometers and 

the diameter of the radial- grating scale (the diameter of the disk) is smaller. 

In a type in which the scale 4 and the detection unit are separated, this 

influence greatly appears as an alignment error due to errors in the gap 
10 between the scale 4 and the detection unit, the angle of installation of these 

units, and the hke. Accordingly, a system using a cat's eye has a limitation in 

the use of a finer radial- grating scale. 

[0013] A grating interference encoder of this type adopts a 

micrometer-order fine scale. By causing two hght beams obtained as a result 

15 of diffraction by this scale to interfere with each other, a encoder having a 
much higher resolution than a geometrical-optics-type encoder is obtained. 
[0014] This encoder adopts a configuration of generating an interference 
pattern by synthesizing the wavefironts of two diffracted light beams. Since 
the encoder is constituted as an interference optical system, it is necessary to 

20 very precisely process respective optical elements and very precisely dispose 
these elements. Particularly in the case of an assembled encoder in which a 
scale unit , and a detection-head unit are separated, since the user must 
mount the scale unit and the detection-head unit on a motor, a stage or the 
like, difficulty in the mounting operation causes problems. 



25 



-a- • 



SUMMARY OF THE INVENTION 

[0015] It is an object of the present invention to provide an optical 
encoder that solves the above-described problems and stably detects light 
5 beams using an optical system for correcting shifts of optical paths, instead of 
a cats eye. 

[0016] It is another object of the present invention to provide an optical 
encoder in which an excellent S/N ratio can be obtained. 

[0017] According to one aspect, the present invention which achieves 

10 these objectives relates to a grating interference encoder including a 
light- emitting device, a diffraction grating for generating two diffracted light 
beams having different orders by being irradiated by a coherent light beam 
from an illuminating optical system, an annular grating for deflecting the 
two diffracted light beams having the different orders generated from the 

15 diffraction grating to cause the deflected light beams to be reprojected onto 
the diffraction grating, and a beam sphtter for guiding a light beam, obtained 
by causing diffracted light beams generated by rediffraction of the diffracted 
light beams reprojected onto the diffraction grating and interfere with each 
other, to a photosensor, and the photosensor. 

20 [0018] According to another aspect, the present invention which achieves 
these objectives relates to a grating interference encoder including a 
light-emitting device, a diffraction grating for generating two diffracted light 
beams having different orders by being irradiated by a coherent light beam 
from an illuminating optical system, an annular grating for deflecting the 

25 two diffracted light beams having the different orders generated from the 
diffraction grating to cause the deflected light beams to be reprojected onto 



the diffraction grating, a condenser for condensing the diffracted Ught beams 
generated by the diffraction grating onto substantially one point on the 
jannular^grating, and a beam splitter for guiding a light beam, obtained by 
causing diffracted light beams generated by rediffraction of the diffracted 

5 light beams reprojected onto the diffraction grating to be superposed and 
interfere with each other, to a photosensor, and the photosensor. 
[0019] According to still another aspect, the present invention which 
achieves these objectives relates to a grating interference encoder including a 
light-emitting device, a diffraction grating for generating two diffracted light 

10 beams having different orders by being irradiated by a coherent light beam 
from an illuminating optical system, an annular grating for deflecting the 
two diffracted light beams having the different orders generated from the 
diffraction grating to cause the deflected light beams to be reprojected onto 
the diffraction grating, a condenser for making the diffracted light beams 

15 generated by the diffraction grating in a state of tending to be condensed onto 
the annular grating, and a beam splitter for guiding a light beam, obtained 
by causing diffracted light beams generated by rediffraction of the diffracted 
light beams reprojected onto the diffraction grating to be superposed and 
interfere with each other, to a photosensor, and the photosensor. 

20 [0020] According to yet another aspect, the present invention which 
achieves these objectives relates to a grating-interference -type Encoder 
including a hght-emitting device, a diffraction grating for generating two 
diffracted light beams having different orders by being irradiated by a 
coherent light beam from an illuminating optical system, an annular grating 

25 for deflecting the two diffracted light beams having the different orders 
generated from the diffraction grating to cause the deflected light beams to be 
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reprojected onto the diffraction grating, a condenser for condensing the 
diffracted light beams generated by the diffraction grating onto substantially 
one point on the diffraction grating, and a beam splitter for guiding a light 
beam, obtained by causing diffracted light beams generated by rediffraction 
5 of the diffracted light beams reprojected onto the diffraction grating to be 
superposed and interfere with each other, to a photosensor, and the 
photosensor. 

[0021] According to still a further aspect, the present invention which 
achieves these objectives relates to a grating interference encoder including a 

10 light-emitting device, a diffraction grating for generating two diffracted light 
beams having different orders by being irradiated by a coherent light beam 
from an illuminating optical system, an annular grating for deflecting the 
two diffracted light beams having the different orders generated from the 
diffraction grating to cause the deflected light beams to be reprojected onto 

15 the diffraction grating, a condenser for projecting the diffracted light beams 
generated by the diffraction grating in a state of tending to be condensed on 
the annular grating for causing the diffracted light beams to be diffracted and 
deflected, and for condensing the diffracted light beams onto substantially 
one point on the diffraction grating, and a beam splitter for guiding a light 

20 beam, obtained by causing diffracted light beams generated by rediffraction 
of the diffracted light beams reprojected onto the diffraction grating to be 
superposed and interfere with each other, to a photosensor, and the 
photosensor. 

[0022] According to still another aspect, the present invention which 
25 achieves these objectives relates to a grating interference encoder including a 
light-emitting device, a diffraction grating for generating two diffracted hght 
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beams having different orders by being irradiated by a coherent light beam 
from an illuminating optical system, an annular grating for deflecting the 
two diffracted light beams having the different orders generated from the 
diffraction grating to cause the deflected light beams to be reprojected onto 

5 the diffraction grating, a linear condenser for linearly condensing the 
coherent light beam from the light-emitting device onto the diffraction 
grating, and a beam splitter for guiding a light beam, obtained by causing 
diffracted light beams generated by rediffraction of the diffracted light beams 
reprojected onto the diffraction grating to be superposed and interfere with 

10 each other, to a photosensor, and the photosensor. 

[0023] The foregoing and other objects, advantages and features of the 
present invention will become more apparent from the following detailed 
description of the inventon taken in conjunction with the accompanying 
drawings. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a diagram illustrating the configuration of a conventional 
encoder; 

20 [0025] FIG. 2 is a diagram illustrating the configuration of an encoder 
according to a first embodiment of the present invention; 

[0026] FIG. 3 is a diagram illustrating the influence of a change in the 
wavelength of a Ught beam emitted from a light source; 

[0027] FIG. 4 is a diagram illustrating a change in the gap between a 
25 scale and a detection head; 

[0028] FIG. 5 is a diagram illustrating the influence of a change in the 
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azimuth angle between the scale and the detection headJ 

[0029] FIGS. 6 and 7 are diagrams, each illustrating the influence of a 
change in the tilt angle between the scale and the detection head; 
[0030] FIG. 8 is a diagram illustrating the configuration of an encoder 
5 according to a second embodiment of the present invention? 

[0031] FIG. 9 is a diagram illustrating the configuration of an encoder 
according to a third embodiment of the present invention; 

[0032] FIG. 10 is a diagram illustrating the configuration of an encoder 
according to a fourth embodiment of the present invention; 
10 [0033] FIG. 11 is a diagram illustrating the configuration of an encoder 
according to a fifth embodiment of the present invention; 

[0034] FIGS. 12 and 13 are diagrams, each illustrating a result of 
tracking of a light beam; 

[0035] FIG. 14 is a diagram illustrating the configuration of an encoder 
15 according to a sixth embodiment of the present invention; 

[0036] FIGS. 15 and 16 are diagrams, each illustrating a result of 
tracking of a fight beam; 

[0037] FIG. 17 is a diagram illustrating the influence of a change in the 
wavelength of a light beam; 
20 [0038] FIG. 18 is a diagram illustrating the influence of a change in the 
gap between a scale and a detection head; 

[0039] FIGS. 19 and 20 are diagrams, each illustrating the influence of a 
change in the azimuth angle between the scale and the detection head; 
[0040] FIGS. 21 through 24 are diagrams, each illustrating the influence 
25 of a change in the tilt angle between the scale and the detection head; 

[0041] FIG. 25 is a diagram illustrating the configuration of an encoder 
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according to a seventh embodiment of the present invention; 

[0042] FIG. 26 is a diagram illustrating the configuration of an encoder 

according to an eighth embodiment of the present invention; 

[0043] FIG. 27 is a diagram illustrating the configuration of an encoder 

5 according to a ninth embodiment of the present invention; 

[0044] FIGS. 28A— 28C are diagrams illustrating the configuration of an 
optical system (condensing of light onto a scale grating by a lens L in a return 
path) according to a tenth embodiment of the present invention; 
[0045] FIG. 29 is a diagram illustrating the influence of a change in the 

10 wavelength of a light beam emitted from a light source in the tenth 
embodiment; 

[0046] FIG. 30 is a diagram illustrating a change in the gap between a 
scale and a detection head in the tenth embodiment; 

[0047] FIGS, 31Aand 31B are diagrams, each illustrating the influence of 
15 a change in the azimuth angle between the scale and the detection head in 
the tenth embodiment; 

[0048] FIGS. 32A- 33B are diagrams, each illustrating the influence of a 
change in the tilt angle between the scale and the detection head in the tenth 
embodiment; 

20 [0049] FIG. 34 is a diagram illustrating addition of an optical system for 
generating a phase-difference signal using a polarizer according to an 
eleventh embodiment of the present invention; 

[0050] FIG. 35 is a diagram illustrating an optical path of an encoder 
according to a twelfth embodiment of the present invention (addition of a 
25 convex lens); 

[0051] FIG. 36 is a diagram illustrating an optical path of an encoder 
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according to a thirteenth embodiment of the present invention (addition of a 
diffraction lens); 

[0052] FIG. 37 is a perspective view illustrating a fourteenth embodiment 
of the present invention; 
5 [0053] FIGS. 38 and 39 are diagrams, each illustrating a result of 
tracking of a light beam; 

[0054] FIG. 40 is a diagram illustrating the influence of a change in the 
wavelength of a light beam; 

[0055] FIG. 41 is a diagram illustrating the influence of a change in the 

10 gap between a scale and a detection head; 

[0056] FIGS. 42 and 43 are diagrams, each illustrating the influence of a 
change in the azimuth angle between the scale and the detection head; 
[0057] FIGS. 44 through 47 are diagrams, each illustrating the influence 
of a change in the tilt angle between the scale and the detection head; 

15 [0058] FIG. 48 is a perspective view illustrating a fifteenth embodiment 
of the present invention; 

[0059] FIG. 49 is a perspective view illustrating a sixteenth embodiment 
of the present invention; and 

[0060] FIG. 50 is a perspective view illustrating a seventeenth 

20 embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0061] The present invention will now be described in detail with 
25 reference to embodiments shown in FIGS. 2 through 11. 

[0062] FIG. 2 is a diagram illustrating the configuration of a linear 
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encoder according to a first embodiment of the present invention. In FIG. 2, a 
collimator lens 11, a beam splitter 12, an annular reflection grating 14, and a 
diffraction-grating scale 15 are arranged in the optical path of a light beam 
emitted from a semiconductor-laser light source 10, and a photosensor 16 is 
5 disposed in a reflecting direction of the beam splitter 12. 

[0063] When a grating pitch on the diffraction- grating scale 15 is 
represented by Pi, a pitch P2 of the annular reflection grating 14 is set so as 
to satisfy a relationship of P2 = Pl/2. 

[0064] According to such a configiu-ation, a light beam L emitted from the 

10 semiconductor-laser light source 10 becomes a substantially parallel Ught 
beam by the collimator lens 11, and is projected onto the diffraction- grating 
scale 15 after passing through central portions of the beam splitter 12 and a 
central portion of the annular reflection grating 14. Diffracted light beams L+ 
and L— reflected from the diffraction* grating scale 15 are projected onto the 

15 annular reflection grating 14. The annular reflection grating 14 locally 
operates as a linear diffraction grating having the grating pitch of P2, to 
project the light beams L+ and L — onto the same position on the 
diffraction- grating scale 15. The light beams L-l- and L — are again diffracted 
and returned to the beam splitter 12 in a superposed state. 

20 [0065] The resultant light beam is guided in a direction different from the 
semiconductor-laser light source 10 by the beam splitter 12, and is detected 
as an interference light beam by the photosensor 16. When ± first-order 
diffracted light beams are used, the period of light and dark of interference 
equals four periods with respect to the movement of one pitch of the 

25 diffraction- grating scale 15. 

[0066] FIG. 3 is a diagram illustrating a shift of the optical path when the 
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diffraction angle changes due to a change in the oscillation wavelength of the 
semiconductor-laser light source 10 caused, for example, by a change in the 
temperature environment. Even if the diffraction angle of the diffracted light 
beam by the diffraction- grating scale 15 changes, since the light beam is 
5 diffracted with an original diffi-action angle by the annular reflection grating 
14, the position of rediffr action by the diffraction* grating scale 15 and the 
state of emitted light beams are invariable. Hence, the state of interference is 
stable, and no problems . arise even if the grating is replaced by a radial 
grating. 

10 [0067] FIG. 4 is a diagram illustrating a shift of the optical path when the 
position of the diffraction -grating scale 15 is shifted. Even if the gap between 
the detection head and the diffraction- grating scale 15 is reduced, since the 
diffracted light beams from the diffraction-grating scale 15 are diffracted by 
the annular reflection grating 14, the position of rediffraction by the 

15 diffraction- grating scale 15 and the state of emitted light beams are 
invariable, and the state of interference is stable. No problems arise even if 
the grating is replaced by a radial grating. 

[0068] FIG. 5 is a diagram illustrating a shift of the optical path when the 
angle of installation between the diffraction-grating scale 15 and the 

20 detection-head unit is slightly shifted in an azimuth direction. Even if an 
azimuth error is slightly present, the diffracted light beams from the 
diffraction- grating scale 15 are diffracted in the original optical paths by the 
function of the annular diffraction grating 14, the position of rediffraction by 
the diffraction -grating scale 15 and the state of emitted light beams are 

25 invariable, and the state of interference is stable. 

[0069] FIG. 6 is a diagram illustrating a shift of the optical path when the 



- 14 - 



angle of installation between the diffraction- grating scale 15 and the 
detection-head unit is provided with a tilt error with respect to the line of the 
grating. Even if a slight amount of tilt error is provided, since the difference 
between the ± first-order diffracted light beams in the position of 

5 rediffraction and the state of the emitted light beam does not change, the 
state of interference is stable. However, the position of rediffraction is shifted. 
• [0070] FIG. 7 is a diagram illustrating a shift of the optical path when the 
angle of installation between the diffraction- grating scale 15 and the 
detection-head unit is provided with a tile error with respect to the 

10 orientation of arrangement of the grating. Even if a sUght amount of tilt error 
is provided, since the difference between the ± first-order diffracted light 
beams does not change, the state of interference is stable. However, the 
position of rediffraction is shifted. 

[0071] As described above, by adopting the annular reflection grating 14 
15 as a reflecting optical element, it is possible to obtain a small-size and 
high-resolution encoder having a large allowance for a mounting error. 
[0072] FIG. 8 is a diagram illustrating the configuration of a second 
embodiment of the present invention, in which two-phase signals are 
detected by disposing polarizers so as to generate a phase-difference signal. 
20 In FIG. 8, a collimator lens 11, a non-polarizing beam splitter 12, an annular 
reflection grating 14, two polarizing plates 20S and 20P whose orientations of 
polarization are shifted by 90 degrees from each other, and a 
diffraction- grating scale 15 are arranged in the optical path of a light beam 
from a semiconductor-laser light source 10, serving as a coherent light source, 
25 A 1/4-wave length plate 21 and a non-polarizing beam splitter 22 are arranged 
in the reflecting direction of the non-polarizing beam splitter 12. A polarizing 
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plate 23a and a photosensor 16a are disposed in the reflecting direction of the 
non-polarizing beam splitter 22, and a polarizing plate 23b and a photosensor 
16b are arranged in the transmitting direction of the non-polarizing beam 
splitter 22. 

5 [0073] .According to the above-described configuration, a light beam L 
from the semiconductor-laser light source 10 passes through the collimator 
lens 11 and the non-polarizing beam splitter 12, and is substantially 
perpendicxxlarly projected onto the diffraction- grating scale 15 after passing 
through a central . transmitting window portion of the annular reflection 

10 grating 14. A + first-order diffracted Ught beam reflected from the 
diffraction- grating scale 15 is emitted with a difiEraction angle 6, is 
diffracted and reflected to the original optical path by the annular reflection 
grating 14, and is returned to the non-polarizing beam splitter 12 by being 
subjected to + first-order diffraction by the diffraction- grating scale 15. 

15 [0074] A — first-order diffracted light beam reflected from the 

diffraction-grating scale 15 is diffracted and reflected to the original optical 
path by the annular reflection grating 14, and is returned to the 
non-polarizing beam splitter 12 by being subjected to —first-order diflfraction 
by the diffraction- grating scale 15. The Ught beam projected from the 

20 semiconductor-laser light source 10 onto the diflraction-grating scale 15 has 
vertically and horizontally polarized components. Although the ± first-order 
diffracted light beams propagated to the non-polarizing beam splitter 12 are 
not light/dark light beams, the orientations of polarization of these Ught 
beams are shifted by 90 degrees from each other and the wavefronts of these 

25 light beams are superposed. 

[0075] As a result, the two light beams reflected by the non-polarizing 
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beam splitter 12 pass through the 1/4-wavelength plate 21 and is converted 
into a linearly polarized light beam whose orientation of polarization changes 
based on the phase difference between the two Hght beams. The obtained, 
light beam is divided into two light beams by the non-polarizing beam splitter 

5 22 provided behind the 1/4-wavelength plate 21. Only specific orientations of 
polarization are extracted by the polarizing plates 23a and 23b, and 
light/dark signals are sensed by the photodetectors 16a and 16b. The phases 
(timings) of these hght/dark signals are provided by shifts of the orientation 
of polarization of the polarizing plates 23a and 23b. That is, by shifting the 

10 orientations of polarization of the polarizing plates 23a and 23b by 45 degrees 
in opposite directions, the phase difference between the hght-dark signals is 
set to 90 degrees. 

[0076] FIG. 9 is a diagram illustrating the configuration of a third 
embodiment of the present invention, in which two-phase signals are 
15 detected by disposing a crystal optical element so as to generate a 
phase -difference signal. In the third embodiment, a 1/4-wavelength plate 24 
is inserted in one of optical paths between a diffraction- grating scale 15 and 
an annular reflection grating 14. 

[0077] A light beam firom a semiconductor-laser light source 10 is 
20 substantially perpendicularly projected onto the diffraction- grating scale 15 
after passing through a non-polarizing beam sphtter 12. A + first-order 
diffracted light beam reflected from the diffraction-grating scale 15 is emitted 
with a diffraction angle Q reaches an annular reflection grating 14 after 
passing through the 1/4-wavelength plate 24, is diffracted and reflected to the 
25 original optical path by the annular reflection grating 14, and is returned to 
the non-polarizing beam splitter 12 by being subjected to + first-order 
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diffraction by the diffraction-grating scale 15. 

[0078] A — first-order diffracted light beam reflected from the 

diffractioii- grating scale 15 is emitted with a diffraction angle Q reaches the 
annular reflection grating 14 after passing through the 1/4-wavelength plate 

5 24, is diffracted and reflected to the original optical path by the annular 
reflection grating 14, and is returned to the non-polarizing beam splitter 12 
by being subjected to —first-order diffraction by the diffraction- grating scale 
15. The polarized component of the light beam projected fi:om the 
semiconductor-laser light source 10 onto the diffraction- grating scale 15 

10 makes an angle of 45 degrees with respect to the optical axis of the 
1/4-wavenength plate 24, and the orientation of polarization is shifted by 90 
degrees only for a light beam passing back and forth through the 
1/4-wavelength plate 24. Hence, although the ± first-order diffracted light 
beams propagated to the non-polarizing beam splitter 12 are not light/dark 

15 light beams, the wavefronts of these light beams are superposed in a state in 
which the orientations of polarization are shifted by 90 degrees from each 
other. 

[0079] Then, as in the second embodiment, these light beams pass 
through a 1/4-wavelength plates 21 and a non-polarizing beam splitter 22, 
20 and light/dark signals are sensed by photosensors 16a and 16b via polarizing 
plates 23a and 23b, respectively. 

[0080] FIG. 10 is a diagram illustrating the configuration of a fourth 
embodiment of the present invention, in which two-phase signals are 
detected by disposing a crystal optical element so as to generate a 
25 phase-difiference signal. In the fourth embodiment, 1/8-wavelength plates 25a 
and 25b are inserted in optical paths between a diffraction-grating scale 15 
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and an annular reflection grating 14 in a state in which the optical axes are 
shifted by 90 degrees from each other. 

[0081] A light beam L from a semiconductor-laser light source 10 is 
substantially perpendicularly projected onto the diffraction- grating scale 15 

5 after passing through a non-polarizing beam splitter 12. A + first-order 
diffracted light beam reflected from the diffraction-grating scale 15 is emitted 
with a diffraction angle Q reaches the annular reflection grating 14 after 
passing through the 1/8-wavelength plate 25a, is diffracted and reflected to 
the original optical path by the annular reflection grating 14, and is returned 

10 to the non-polarizing beam splitter 12 by being subjected to -i- first-order 
diffraction by the diffraction- grating scale 15. 

[0082] A — first-order diffracted light beam reflected from the 

diffraction- grating scale 15 is emitted with a diffraction angle Q reaches the 
annular reflection grating 14 after passing through the 1/8-wavelength plate 

15 25b, is diffracted and reflected to the original optical path by the annular 
reflection grating 14, and is returned to the non-polarizing beam splitter 12 
by being subjected to —first-order diffraction by the diffraction- grating scale 
15. The polarized component of the light beam projected from the 
semiconductor-laser light source 10 onto the diffraction- grating scale 15 

20 makes an angle of 45 degrees with respect to the optical axis of the 
1/8-wavenength plates 25a and 25b. 

[0083] The ± first-order diffracted Ught beams propagated to the 

non-polarizing beam splitter 12 are circularly polarized light beams which 
circulate in opposite directions. Hence, when these light beams are subjected 
25 to vector synthesis, they are converted into a linearly polarized light beam in 
which the orientation of polarization changes based on the phase difference 
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between these light beams. The obtained light beam is divided into two Ught 
beams by a non-polarizing beam splitter 22 provided behind the 
non-polarizing beam splitter 12. Only specific orientations of polarization are 
extracted by polarizing plates 23a and 23b, and light/dark signals are sensed 

5 by photosensors 16a and 16b. 

[0084] FIG. 11 is a diagram illustrating the configuration of a fifth 
embodiment of the present invention. In FIG, 11, an annular transmission 
grating 214 is adopted instead of the annular reflection grating 14. A light 
beam is reflected by a reflecting surface 215 provided immediately behind the 

10 annular transmission grating 214, and is reprojected onto a 
diffraction- grating scale 15 after being subjected to diffraction twice. The 
pitch of the annular transmission grating 214 is set to the same value as the 
pitch of the diffraction- grating scale 15. 

[0085] As in the fourth embodiment, a light beam from a 

15 semiconductor-laser light source 10 is projected onto the diffraction -grating 
scale 15 after passing through a non-polarizing beam splitter 12. A + 
first-order diffracted light beam reflected from the diffraction-grating scale 
15 is emitted with a diffraction angle 9, is diffracted by the annular 
transmission grating 214 after passing through a 1/8-wavelength plate 25a, 
20 is returned to the original optical path by the reflecting surface 215 
immediately after diffraction, is again difiracted and deflected by the annular 
transmission grating 214, and is returned to the non-polarizing beam splitter 
12 by being subjected to -l- first-order diffraction by the diffraction- grating 
scale 15. 

25 [0086] A — first-order diffracted light beam reflected from the 

diffraction- grating scale 15 is emitted with a diffraction angle 6, is 
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diffracted by the annular transmission grating 214 after passing through a 
1/8-wavelength plate 25b, is returned to the original optical path by the 
reflecting surface 215, is again diffracted and deflected by the annular 
transmission grating 214, and is returned to the non-polarizing beam spUtter 
5 12 by being subjected to —first-order diffraction by the difEraction-grating 
scale 15. 

[0087] As in the fourth embodiment, the ± first-order diffracted light 
beams are converted into a linearly polarized light beam, which is divided 
into two light beams by a non-polarizing beam splitter 22, and light/dark 
10 signals are sensed by photosensors 16a and 16b via the polarizing plates 23a 
and 23b, respectively. 

[0088] In FIG. 11, in order to obtain a phase-difference signal, an 
approach of inserting polarizing plates as shown FIG. 8, or an approach of 
inserting a phase-difference plate as shown in FIG. 9 may also be adopted. 
15 These polarizing-state changing elements may be inserted between the 
annular transmission grating 214 and the reflecting surface 215. 
[0089] In the above -de scribed embodiments, partial modification may be 
performed with respect to the following items. 

[0090] (a) In the diffraction -grating scale 15 and the annular reflection 
20 grating 14, diflEracted light beams having a diffraction order other than the 
± first-order diffracted light beams are used. 

[0091] (b) The polarizing plates 20S, 20P, 23a and 23b are replaced by 
prisms, each having a polarizing film, or fine-grating patterns, serving as 
other elements having the equivalent functions. 
25 [0092] (c) The phase -difference plates, i.e., the 1/4-wavelength plate 21 
and the 1/8-wavelength plates 25a and 25b are replaced by fine -structure 
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patterns or other anisotropic materials having functions equivalent to the 
functions of a crystal optical element, such as quartz or the like. 
[0093] (d) The same effects are obtained by providing at least two phases 
for a phase-difference signal and setting the phase difference to a value other 
5 than 90 degrees, and partially changing the arrangement of polarizers or 
phase-difference plates. 

[0094] (e) In the above-described embodiments, the non-polarizing beam 
splitters 12 and 22 are used in order to guide light beams to be projected onto 
the diffraction- grating scale 15 and to guide re diffracted light beams to the 

10 photosensor 16, respectively. However, the light beams may be guided by 
using any other appropriate beam dividing/synthesizing means, such as 
diffraction gratings or the like, or by separating the light beams by spatially 
shifting forward and backward optical paths, or by selectively reflecting only 
one of the light beams and guiding the selected light beam to the photosensor 

15 16. 

[0095] (f) By replacing the diffraction- grating scale 15 by a disc-shaped 
scale having a radial grating, the above-described encoder can be easily 
changed to a rotary encoder. 

[0096] • In the above-described embodiments, for example, an element 
20 having a reflecting film deposited in the vacuum on the back of a glass plate 

processed by etching or the like can be used as the annular reflection grating. 

Hence, an excellent environment resisting property is obtained. 

[0097] As described above, the optical encoder according to the present 

invention has the following effects by optimizing a state of projection of a 
25 light beam onto a diffraction- grating scale or an annular diffraction grating. 

[0098] (l) Since, for example, a plane optical element can be used, the 
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space of arrangement is not complicated as in the case of using a cat's eye, 
and a small encoder can be easily provided. 

[0099] (2) Since variations in the wavelength of the hght beam from the 
light source are corrected, an interference signal is stabiUzed. 
5 [0100] (3) Since an alignment error is corrected, even an encoder in which 
a diffraction- grating scale and a detection head are separated can be 
relatively easily mounted. 

[0101] (4) The size of a beam reflecting optical element is small and the 
number of components is small. Hence, by adding deflection means to 

10 Ught-beam projection means, the degree of freedom in the method or the 
direction of projection of a light beam onto a diffraction-grating scale is 
increased, and a wider posture of application can be obtained. 
[0102] In the above-described embodiments, since the light beam actually 
projected onto the diffraction- grating scale 5 has a finite size, if tracking of a 

15 light beam when, for example, using the diffraction- grating scale 5 having a 
pitch of 2.8 ji m, and setting the distance between the diffraction- grating 
scale 5 and the annular reflection grating 4 to 10 mm is performed, an elliptic 
wavefront is obtained as shown in FIG. 12, due to a wavefront distortion 
peculiar to the annular reflection grating 4, and a loss may be produced when 

20 the photosensor 6 senses the light beam. 

[0103] Furthermore, if tracking of a light beam having a diameter of 1 
mm when projecting the light beam onto a radial grating having a radius of 
9.2 mm and 20,250 grooves at the circumference is performed, then, as shown 
in FIG. 13, a wavefront distortion peculiar to a radial grating is added to the 

25 wavefront distortion peculiar to the annular reflection grating 4, and the 
wavefronts of ± first-order diffracted light beams may be distorted when 
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synthesizing these light beams. 

[0104] The following embodiments have been made in consideration of 
the above-described problems. 

[0105] A description will now be provided in detail for the embodiments 

5 shown in FIGS. 14 through 27. 

[0106] FIG. 14 is a diagram illustrating the configuration of a linear 
encoder according to a sixth embodiment of the present invention. In FIG. 14, 
a collimator lens 11, a beam splitter 12, a lens 13, an annular reflection 
grating 14, and a diffraction- grating scale 115 are arranged in the optical 

10 path of a light beam emitted from a semiconductor-laser light source 10, and 
a photosensor 16 is disposed in the reflecting direction of the beam splitter 
12. 

[0107] When the pitch of the grating on the diffraction -grating scale 115 
is represented by Pi, the pitch P2 of the annular reflection grating 14 is set so 

15 as to satisfy a relationship of P2 = Pl/2. 

[0108] According to such a configuration, a hght beam L emitted from the 
semiconductor-laser light source 10 becomes a substantially parallel hght 
beam by the collimator lens 11, and is condensed and projected onto the 
diffraction- grating scale 115 after passing through the beam splitter 12, the 

20 lens 13 and a central portion of the annular reflection grating 14. Diffracted 
light beams L+ and L— reflected from the diffraction- grating scale 115 are 
projected onto substantially one point on the annular reflection grating 14. 
When using a radial diffraction-grating scale as the diffraction- grating scale 
115 as shown in FIG. 14, the light beams are not completely condensed on one 

25 point due to an aberration peculiar to a radial grating. 

[0109] Even when using a linear diffraction- grating scale, the light beam 
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cannot be condensed on an area less than the beam waste size of the laser 
beam. However, since this size is very small, it can be considered as one point. 
[OllO] The annular reflection grating 14 locally operates as a linear 
diffraction grating having the pitch of P2. Hence, the light beams emitted 

5 from the condensed and projected region of the diffraction- grating scale 115 
and projected onto substantially one point on the annular reflection grating 
14 are diffracted and returned to the original optical path to be projected onto 
and diffracted by the diffraction- grating scale 115, and are returned to the 
beam splitter 12 in a superposed state. The resultant hght beam is guided in 

10 a direction different from the semiconductor-laser light source 10 by the 
beam splitter 12, and is detected as an interference light beam by the 
photosensor 16. When ± first-order diffracted light beams are used, the 
period of light and dark of interference equals four periods with respect to one 
pitch of the diffraction- grating scale 115. As shown in FIG. 15 or 16, a 

15 substantially circular light beam is obtained on the photosensor 16. 

[Olll] FIG. 17 is a diagram illustrating a result of calculating a shift of 
the optical path when the diffraction angle changes due to a change in the 
oscillation wavelength of the semiconductor-laser light source 10 by Zl A, = 
10 nm caused, for example, by a change in the temperature environment. 

20 [0112] In this case, the irradiated position on the annular reflection 
grating 14 is slightly shifted due to a change in the diffraction angle of the 
diffracted light beam by the diffraction -grating scale 115. However, since the 
light beam is diffracted with an original diffraction angle by the annular 
reflection grating 14, the position of rediffraction by the diffraction- grating 

25 scale 15 and the state of the emitted light beam are invariable. Hence, the 
state of interference is stable. 



- 25 - 



[0113] FIG. 18 is a diagram illustrating a shift of the optical path when 
the position of the radial-grating disk of the diffraction- grating scale 115 is 
shifted by z1 x = 0.5 mm. Even if the gap between the detection-head unit 
and the diffraction- grating scale 115 is reduced, the position of rediffraction 
5 by the diffraction-grating scale 115 and the state of the emitted light beam 
are invariable. Hence, the state of interference is stable. 

[0114] FIGS. 19 and 20 are diagrams, each illustrating a result of 
calculation when the detection-head unit is shifted with respect to the 
radial- grating disk by y = 0.5 mm in a tangential direction. This case is 

10 equivalent to the case that the radial* grating disk is eccentric by 0.5 mm, and 
is also equivalent to an azimuth error in the arrangement of the scale when 
using a linear grating. Even if the irradiated position is shifted, since the 
light beam is diffracted to original optical path by the function of the annular 
reflection grating 14, the position of rediffraction by the diffraction -grating 

15 scale 15 and the state of the emitted light beam are invariable. 

[0115] FIGS. 19 and 20 illustrates the optical paths of a -f first-order 
diffracted light beam and a —first-order diffracted light beam, respectively. 
Although the irradiated positions on the photosensor 16 are slightly shifted 
in the vertical direction, these light beams are substantially parallel to each 

20 other, and the state of interference is stable. The above-described amount of 
shift of 0.5 mm is provided in order to facilitate understanding of the result of 
calculation. The amount of shift in the actual encoder is much smaller. 
[0116] FIGS. 21 and 22 are diagrams, each illustrating a shift of the 
optical path when a tilt error of Zl 0 z = 0.5 degrees is given with respect the 

25 orientation of arrangement of the grating. The result of reading of the optical 
paths of the ± first-order diffracted light beams indicates that, even if a 
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small amount of tilt error is added, the difference between the ± first-order 
diffracted light beams in the position of rediffraction by the 
diffraction- grating scale 15 and the state of emitted light beams does not 
change. Hence, the state of interference is stable. 

5 [0117] In FIGS. 21 and 22, the incident light beams on the photosensor 16 
are shifted from the surface of the photosensor 16. However, the amount of 
shift of 0.5 mm is provided in order to facilitate understanding of the resvJt of 
calculation. The amount of shift in the actual encoder is much smaller. 
[0118] FIGS. 23 and 24 are diagrams, each illustrating a shift of the 

10 optical path when a tilt error of z1 9 y = 0.5 degrees is given with respect the 
orientation of arrangement of the grating. Also in this case, the result of 
reading of the optical paths of the ± first-order diffracted light beams 
indicates that, even if a small amount of tilt error is added, the difference 
between the ± first-order diffracted light beams in the position of 

15 rediffraction by the diffraction- grating scale 15 and the state of emitted light 
beams does not change. Hence, the state of interference is stable, and the 
irradiated position on the photosensor 16 is substantially not shifted. 
[0119] As described above, by combining the annular reflection diffraction 
grating 14 with projection of a Ught beam on a point of this optical element, it 

20 is possible to make provision of a small-size and high-resolution encoder 
having a large allowance in a mounting error to be compatible with detection 
of a stable interference signal. 

[0120] FIG. 25 is a perspective view illustrating a seventh embodiment of 
the present invention, in which two-phase signals are detected by disposing a 
25 polarizing element so as to generate a phase-difference signal. Although a 
linear encoder using a polarizing plate as a polarizing element, and using a 
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linear diffraction lens is illustrated, a rotary encoder using a IM-wavelength 
plate as a polarizing element and using a radial diffraction lens may also be 
adopted. 

[0121] In FIG. 25, a collimator lens 11, a non-polarizing beam splitter 12, 

5 a lens 13, an annular reflection grating 14, two polarizing plates 20S and 20P 
whose orientations of polarization are shifted by 90 degrees from each other, 
and a diffraction- grating scale 15 are arranged in the optical path of a light 
beam from a semiconductor-laser light source 10, serving as an coherent light 
source. A 1/4-wavelength plate 21 and a non-polarizing beam sphtter 22 are 

10 arranged in the reflecting direction of the non-polarizing beam splitter 12. A 
polarizing plate 23a and a photosensor 16a are disposed in the reflecting 
direction of the non polarizing beam splitter 22, and a polarizing plate 23b 
and a photosensor 16b are arranged in the transmitting direction of the 
non-polarizing beam splitter 22. 

15 [0122] According to the above-described configuration, a light beam from 
the semiconductor-laser light source 10 passes through the collimator lens 11 
and the non polarizing beam splitter 12, and is substantially perpendicularly 
projected onto the diffraction- grating scale 15 after passing through the lens 
13 and a central portion of the annular reflection grating 14. 

20 [0123] A + first-order diffracted light beam reflected from the 

diffraction- grating scale 15 is emitted with a diffraction angle 0, is 
diffracted and reflected to the original optical path by the annular reflection 
grating 14, and is returned to the non-polarizing beam splitter 12 by being 
subjected to + first-order diffiraction by the diffraction -grating scale 15. 

25 [0124] A — first-order diffracted light beam reflected from the 

diffraction- grating scale 15 is emitted with a diffraction angle d, is 
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diffracted and reflected to the original optical path by the annular reflection 
grating 14, and is returned to the non-polarizing beam splitter 12 by being 
subjected to —first-order diffraction by the diffraction- grating scale 15. The 
light beam projected from the semiconductor-laser light source 10 onto the 

5 diffraction-grating scale 15 has vertically and horizontally polarizing 
components, and the orientations of polarization of the ± first-order 
diffracted light beams propagated to the non-polarizing beam splitter 12 are 
shifted by 90 degrees from each other and the wavefronts of these light beams 
are superposed. However, these light beams are not light/dark light beams. 

10 [0125] As a result, the two light beams reflected by the non-polarizing 
beam splitter 12 pass through the 1/4 -wavelength plate 21 and are converted 
into a linearly polarized light beam whose orientation of polarization changes 
based on the phase difference between the two light beams. The obtained 
light beam is divided into two light beams by the non-polarizing beam splitter 

15 22 provided behind the 1/4-wavelength plate 21. Only specific orientations of 
polarization are extracted by the polarizing plates 23a and 23b, and 
light/dark signals are sensed by the photodetectors 16a and 16b. The phases 
(timings) of these light/dark signals are provided by shifts of the orientation 
of polarization of the polarizing plates 23a and 23b. That is, by shifting the 

20 orientations of polarization of the polarizing plates 23a and 23b by 45 degrees 
in opposite directions, the phase difference between the light-dark signals is 
set to 90 degrees. 

[0126] FIG. 26 is a perspective view illustrating an eighth embodiment of 
the present invention, in which a convergent light beam is directly obtained 
25 by using a colHmator lens 11 as optical means for projecting a convergent 
light beam. In the case of FIG 26, a very gradually convergent light beam is 
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obtained. 

[0127] FIG. 27 is a diagram illustrating the configuration of a ninth 
embodiment of the present invention, in which a diffraction lens 25 is 
integrally formed at a central portion (a transmitting-window portion) of an 

5 annxilar reflection grating 14. The diffraction lens 25 is patterned so that the 
pitch of the grating gradually changes from the central portion to the 
peripheral portion, in order to provide the function of a convex lens. 
[0128] In the above-described embodiments, partial modification may be 
performed with respect to the following items. 

10 [0129] (a) In the diffraction- grating scale 15 and the radial diffraction 
grating 115 or the annular reflection grating 14, diffracted light beams 
having a diffraction order other than the ± first-order diffracted light beams 
are used. 

[0130] (b) The polarizing plates 20S, 20P, 23a and 23b are replaced by 
15 prisms, each having a polarizing film, or fine-grating patterns, serving as 
other elements having the equivalent functions. 

[0131] (c) The phase-difference plates, i.e., the 1/4-wavelength plate 21 
and the 1/8-wavelength plates are replaced by fine-structure patterns or 
other anisotropic materials having functions equivalent to the functions of a 

20 crystal optical element, such as quartz or the like. 

[0132] (d) The same effects are obtained by providing at least two phases 
for a phase-difference signal and setting the phase difference to a value other 
than 90 degrees, and partially changing the arrangement of polarizers or 
phase-difference plates. 

25 [0133] (e) In the above -de scribed embodiments, the non-polarizing beam 
splitters 12 and 22 are used in order to guide light beams to be projected onto 



- 30 - 



the diSraction- grating scale 15 and to guide rediffracted light beams to the 
photosensor 16, respectively. However, the light beams may be guided by 
using any other appropriate beam dividing/synthesizing means, such as 
diffraction gratings or the Uke, or by separating Hght beams by spatially 
5 shifting forward and backward optical paths, or by selectively reflecting only 
one of the light beams and guiding the selected light beam to the photosensor 
16. 

[0134] ii) For example, by changing the order of arrangement of the 
collimator lens 11, the non-polarizing beam splitter 12, the lens 13 and the 
10 annular reflection grating 14, another optical arrangement is adopted in 
order to provide a system of linearly condensing a light beam onto the 
diffraction-grating scale 15. 

[0135] In the above-described embodiments, for example, an element 
having a reflecting film deposited in the vacuum on the back of a glass plate 

15 processed by etching or the like can be used as the annular reflection grating 
14. Hence, an excellent environment resisting property is otatained. 
[0136] As described above, the optical encoder according to the present 
invention has the following effects by optimizing a state of projection of a 
light beam onto a diffraction- grating scale or an annular diffraction grating. 

20 [0137] (l) The interfered wavefronts of the diffracted light beams tend to 
coincide with each other, a flat light-dark pattern is obtained, and a stable 
encoder signal having an excellent S/N ratio can be obtained. 
[0138] (2) Since, for example, a plane optical element can be used as the 
annular reflection grating, the space of arrangement is not complicated, and 

25 a small encoder can be easily provided. 

[0139] (3) Since variations in the wavelength of the light beam from the 
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light source are corrected, an interference signal is stabilized. 
[0140] (4) Since an alignment error is corrected, even an encoder in which 
a dijQEraction-grating scale and a detection head are separated can be 
relatively easily mounted. 

5 [0141] (5) The size of a beam reflecting optical element is small and the 
number of components is small. Hence, by adding deflection means to 
light-beam projection means, the degree of freedom in the method or the 
direction of projection of a light beam onto a diffraction- grating scale is 
increased, and a wider posture of application can be obtained. 

10 [0142] (6) Since the rediffracted light beam is guided to the photosensor 
without greatly spreading, it is possible to perform detection with a small loss 
and an excellent S/N ratio. 

[0143] FIG. 28A is a diagram illustrating the arrangement of the optical 
system of a rotary encoder according to a tenth embodiment of the present 

15 invention. FIGS. 28B and 28C are diagrams illustrating results of tracking of 
+ or —first-order light beam by projecting each light beam having a diameter 
of 1 mm onto the same optical system. A Hght beam R emitted from a 
semiconductor laser becomes a substantially parallel light beam by a lens 13, 
passes through a beam splitter 12, becomes a converged light beam after 

20 passing through the lens 13, and is projected onto a radial diffraction- grating 
scale 115 in a state of tending to be converged. Diffracted light beams R + and 
R — from the diffraction-grating scale 115 are projected onto an annular 
reflection grating 14. When the pitch of the grating on the diffraction- grating 
scale 115 is represented by PI, the pitch P2 of the annular reflection grating 

25 14 is set to be P2 = Pl/2. 

[0144] The annular reflection grating 14 locally operates as a linear 
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diffraction grating having the pitch P2. Hence, the light beam emitted from a 
linear condensing region of the radial diffraction- grating scale 115 and 
projected onto the annular reflection grating 14 is diffracted substantially in 
the original direction toward the radial diffraction-grating scale 115. At that 

5 time, the light beam is condensed on substantially one point by the function 
of the lens 13, and is rediffracted in a state of tending to be diverged. The 
diffracted light beams are superposed and returned to the beam spHtter 12. 
[0145] As for the degree of point-like condensation on the 

diffraction-grating scale in the return path, there exists a Hnear condensation 

10 aberration by the annular reflection grating 14, and when using the radial 
diffiraction-grating scale 115 as the diffraction- grating scale, an aberration 
peculiar to a radial grating is also added. Accordingly, completely point-like 
condensation cannot be realized. However, such a small amount of aberration 
can be neglected. 

15 [0146] In the tenth embodiment, it is designed to realize point-like 
condensation on the diffraction- grating scale in the return path when the 
radial diffraction- grating scale 115 and the annular reflection grating 14 
locally operate as liner gratings. Actually, however, complete point-like 
condensation is not realized due to the above-described aberrations. The 

20 position of condensation when neglecting the above-described aberrations 
need not completely coincide with the initial position on the 
diffraction- grating scale in the return path. The effect of stabilizing the state 
of interference is obtained provided that the position of condensation is 
between the annular reflection grating 14 and the radial diffraction- grating 

25 scale 115. 

[0147] The resultant light beam is gmded in a direction different from the 
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semiconductor laser 10 by the beam splitter 12, and is detected as an 
interference light beam by a photosensor 16. When using ± first-order 
diffracted light beams, the period of Ught and dark of interference equals four 
periods for the movement of 1 pitch of the radial diffraction-grating scale 115. 
5 [0148] FIG. 28B illustrates a result of calculation for light-beam elements 
only in the direction of arrangement of the grating at irradiated portions on 
the radial diffraction- grating scale 115 and the annular reflection grating 14. 
In FIG. 28B, only light-beam elements between the annular reflection 
;ll grating 14 and the photosensor 16 are selectively illustrated. As shown in 

Qi 10 FIG. 28B, the light beam is substantially condensed at the radial 

71 diffraction- grating scale 115 in the return path, and is directed from the 

g radial diffraction- grating scale 115 to the photosensor 16 as a divergent light 

beam. FIG. 28C illustrates a result of tracking of parallel Ught-beam 

CI 

ni elements having a diameter of 1 mm from a light source 10 to the photosensor 

nj 15 16. A substantially elliptical light beam is obtained on the photosensor 16. 

'r^ [0149] FIG. 29 is a diagram illustrating a result of calculating a shift of 

the optical path when the diffraction angle changes due to a change in the 
oscillation wavelength of the semiconductor-laser light source 10 by 10 nm 
caused, for example, by a change in the temperature environment, in the 
20 tenth embodiment. In this case, the irradiated position on the annular 
reflection grating 14 is slightly shifted due to the change in the diffraction 
angle. However, since the light beam is diffracted with an original diffraction 
angle by the annular reflection grating 14, the position of rediffraction by the 
radial diffraction- grating scale 115 and the state of the emitted light beam 
25 are invariable. Hence, the state of interference is, of course, stable. 

[0150] FIG. 30 is a diagram illustrating a shift of the optical path when 
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the position of the radial diffraction-grating scale 115 is shifted by 0.5 mm. 
Even if the gap between the detection-head unit and the radial 
diffraction-grating scale 115 is increased, the position of rediffraction of the 
light beams diffracted by the annular reflection grating 14 by the radial 

5 diffraction- grating scale 115 and the state of the emitted Ught beam are 
invariable. Hence, the state of interference is, of course, stable. 
[0151] FIGS. 31A and 3 IB are diagrams, each illustrating a result of 
calculation when the detection-head unit is shifted with respect to the radial 
diffraction- grating scale 115 by 0.5 mm in a tangential direction, in the tenth 

10 embodiment. This case is equivalent to the case that the radial 
diffraction- grating scale 115 is eccentric by 0.5 mm, and is also equivalent to 
an azimuth error in the arrangement of the scale when using the linear 
grating 15. Even if the irradiated position is shifted, since the light beam is 
diffracted to the original optical path by the annular reflection grating 14, the 

15 position of rediffraction by the radial diffraction- grating scale 115 and the 
state of the emitted light beam are invariable. FIGS. 31A and 31B illustrate 
the optical paths of a + first-order diffracted light beam and a —first-order 
diffracted light beam, respectively. Although the irradiated positions on the 
photosensor 16 are slightly shifted in the vertical direction, these light beams 

20 are substantially parallel to each other, and the state of interference is stable. 
The above-described amount of shift of 0.5 mm is provided in order to 
facilitate understanding of the result of calculation. The amount of shift in 
the actual encoder is much smaller. 

[0152] FIGS. 32A and 32B are diagrams, each illustrating a shift of the 
25 optical path when a tilt error of 0 z = 0.5 degrees is given with respect the 
line of the grating for the angle of installation between the radial 
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diffraction- grating scale 115 and the detection-head unit. The result of 
reading of the optical paths of the ± first-order diffracted light beams shown 
in FIGS. 32A and 32B indicates that, even if a small amount of tilt error is 
added, the difference between the ± first-order diffracted light beams in the 

5 position of rediffraction by the radial diffraction* grating scale 115 does not 
change. Hence, the state of interference is stable. In FIGS. 32A and 32B, the 
incident light beams on the photosensor 16 are shifted in reverse directions in 
the z-axis direction on the surface of the photosensor 16. Since these z-axis 
components are substantially parallel, the state of interference hardly 

10 changes. The amount of shift of 0.5 mm in the calculation is provided in order 
to facilitate understanding of the result of calculation. The amount of shift in 
the actual encoder is much smaller. 

[0153] FIGS. 33A and 33B are diagrams, each illustrating a shift of the 
optical path when a tilt error of 0 y = 0.5 degrees is provided with respect 

15 the orientation of arrangement of the grating for the angle of installation 
between the radial diffraction- grating scale 115 and the detection-head unit. 
The result of reading of the optical paths of the ± first-order diffracted light 
beams shown in FIGS. 33A and 33B indicates that, even if a small amount of 
tilt error is added, the difference between the ± first-order diffracted light 

20 beams in the position of rediffraction by the radial diffraction-grating scale 
115 does not change. Hence, the state of interference is stable, and the 
irradiated position on the photosensor 16 is substantially not shifted. 
[0154] As described above, by combining the annular reflection grating 14 
with point-like projection of a Ught beam on the radial diffraction- grating 

25 scale 115 in the return path, it is possible to make provision of a small-size 
and high- re solution encoder having a large allowance in a mounting error to 
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be compatible with detection of a stable interference signal. 
[0155] FIG. 34 is a diagram illustrating an eleventh embodiment of the 
present invention, in which two-phase signals are detected by disposing a 
polarizing element so as to generate a phase-difference, signal in the 

5 configuration of the tenth embodiment. In the eleventh embodiment shown in 
FIG. 34, a linear encoder using a polarizing plate as the polarizing element 
and using a linear diffraction lens is adopted. In FIG. 34, a light beam fi:om a 
semiconductor laser 10 passes through a non-polarizing beam sphtter 12, and 
is substantially perpendicularly projected onto a diffraction- grating scale 15. 

10 [0156] A + first-order diffracted light beam reflected from the 

diffraction- grating scale 15 is emitted with a diffraction angle 0, is 
diffracted and reflected to the original optical path by an annular reflection 
grating 14 provided at an upper portion, and is returned to the non-polarizing 
beam sphtter 12 by being subjected to + first-order diffraction by the 

15 diffraction- grating scale 15. 

[0157] A — first-order diffracted light beam reflected from the 

diffraction- grating scale 15 is emitted in the opposite direction with a 
diffraction angle Q is diffracted and reflected to the original optical path by 
the annular reflection grating 14, and is returned to the non-polarizing beam 

20 splitter 12 by being subjected to — first-order diffraction by the 
diffraction- grating scale 15. In the eleventh embodiment shown in FIG. 34, 
polarizing plates 20s and 20p whose orientations of polarization are shifted 
by 90 degrees from each other are inserted in the optical path between the 
diffraction-grating scale 15 and the annular reflection grating 14. The light 

25 beam projected from the semiconductor laser 10 onto the diffraction- grating 
scale 115 includes the above-described polarized components. 
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[0158] Accordingly, the orientations of polarization of the ± first-order 
diffracted light beams propagated to the non-polarizing beam sphtter 12 are 
shifted by . 90 degrees from each other and the wavefronts of these light beams 
are superposed (not light/dark light beams). 
5 [0159] As a result, the two light beams reflected by the non-polarizing 
beam splitter 12 pass through a 1/4-wavelength plate 21 and are converted 
into a linearly polarized light beam whose orientation of polarization changes 
based on the phase difference between the two light beams. The obtained 
II light beam is divided into two light beams by a non-polarizing beam splitter 

51 10 22 provided behind the 1/4-wavelength plate 21. By extracting only specific 
orientations of polarization by polarizing plates 23a and 23b, light/dark 
signals are obtained. The phases (timings) of these hght/dark signals are 
provided by shifts of the orientation of polarization of the polarizing plates 
23a and 23b. By shifting the orientations of polarization of the polarizing 
15 plates 23a and 23b by 45 degrees in opposite directions, the phase difference 
between the light-dark signals is set to 90 degrees, 

[0160] FIG. 35 illustrates a twelfth embodiment of the present invention. 
In FIG. 35, instead of adopting a lens 13 as optical means for projecting a 
convergent light beam, a convergent light beam is directly obtained by a 
20 collimator lens 11 (not shown). In FIG. 36 illustrating a thirteenth 
embodiment of the present invention, a diffraction lens is integrally formed 
at a central portion (transmitting-window portion) of an annular reflection 
grating 14. The diffraction lens is patterned so that the pitch of the grating 
gradually changes from the central portion to the peripheral portion, in order 
25 to provide the function of a convex lens. 

[0161] In the tenth, eleventh and twelfth embodiments, partial 
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modification may be performed with respect to the following items. 
[0162] (l) In the diffraction- grating scale 15 or the radial diffraction 
grating 115 and the annular reflection grating 14, diflEracted light beams 
having a diffraction order other than the ± first-order diffracted light beams 
5 are used. 

[0163] (b) The polarizing plates are replaced by other elements (prisms, 
each having a polarizing film, or fine-grating patterns) having the equivalent 
functions. 

[0164] (3) The phase-difference plates (the IMywavelength plate and the 
10 1/8-wavelength plates) are replaced by elements (fine -structure patterns or 
other anisotropic materials) having functions equivalent to the functions of a 
crystal optical element, such as quartz or the like. 

[0165] (4) The same effects are obtained by providing at least two phases 
for a phase-difference signal and setting the phase difference to a value other 
15 than 90 degrees, and partially changing the arrangement of polarizing 
elements or phase-difference plates. 

[0166] (5) In the above-described embodiments, the non-polarizing beam 
splitters are used in order to guide light beams to be projected onto the 
diffraction- grating scale and to guide rediffracted light beams to the 

20 photosensor. However, the light beams may be guided by using any other 
appropriate beam dividing/synthesizing means (diffraction gratings or the 
like), or by separating light beams by spatially shifting forward and 
backward optical paths, or by selectively reflecting only one of the Ught 
beams and guiding the selected light beam to the photosensor, 

25 [0167] (6) For example, by changing the order of arrangement of the 
collimator lens, the non-polarizing beam splitter and the annular reflection 
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grating, another optical arrangement is adopted in order to provide a system 
of condensing a light beam onto one point of the diffraction-grating scale in 
the return path. 

[0168] The tenth, eleventh and twelfth embodiments have the following 
5 effects by using a convergent-light-beam projection optical system, and an 
annular reflection grating as a returning optical element. 

[0169] (l) Even when using a radial diffraction grating as a scale grating, 
the interfered wavefronts of the diffracted light beams tend to coincide with 
each other, a flat light-dark pattern is obtained, and a stable encoder signal 
10 having an excellent S/N ratio can be obtained. 

[0170] (2) Since a plane optical element is used as the annular reflection 
grating, the space of arrangement is not complicated, and a small encoder can 
be easily provided. 

[0171] (3) Since variations in the wavelength of the light beam from the 
15 light source are corrected, an interference signal is stabilized. 

[0172] (4) Since an alignment error is corrected, even an encoder in which 
a scale grating and a detection head are separated can be relatively easily 
mounted. 

[0173] (5) Since an element having a reflecting film deposited in the 
20 vacuum on the back of a glass plate processed by etching or the like can be 
used as the annular reflection grating, an excellent environment resisting 
property is provided. 

[0174] (6) The size of a beam reflecting optical element is small and the 
number of components is small. Hence, by adding deflection means to 
25 light-beam projection means, the degree of freedom in the method or the 
direction of projection of a Ught beam onto a scale grating is increased, and a 
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wider posture of application can be obtained. 

[0175] (7) Since the rediffracted light beam is guided to the photosensor 
without spreading, it is possible to perform detection with a small loss and an 
excellent S/N ratio. 

5 [0176] Foxirteenth through seventeenth embodiments of the present 
invention will now be described in detail with reference to FIGS. 37 through 
50. 

[0177] FIG. 37 is a perspective view illustrating the configuration of a 
rotary encoder according to a fourteenth embodiment of the present invention. 

10 In FIG. 37, a colhmator lens 11, a non-polarizing beam splitter 12, a 
cylindrical lens 113, an annular reflection grating 14, and a radial grating 
115 for the rotary encoder are arranged in the optical path of a light beam 
emitted firom a semiconductor-laser Hght source 10, and a photosensor 16 is 
disposed in the reflecting direction of the non-polarizing beam splitter 12. 

15 When the pitch of the grating on the radial grating 115 is represented by Pi, 
the pitch P2 of the annular reflection grating 14 is set so as to satisfy a 
relationship of P2 = Pl/2. 

[0178] According to such a configuration, a hght beam L emitted from the 
semiconductor-laser light source 10 becomes a substantially parallel light 

20 beam by the colhmator lens 11, and is projected onto the radial grating 115 
linearly with respect to the orientation of arrangement of the grid line or the 
tangential direction after passing through the non-polarizing beam splitter 
12, the cylindrical lens 113 and a central portion of the annular reflection 
grating 14. Diffracted light beams L+ and L — reflected from the radial 

25 grating 115 are projected onto the annular reflection grating 14 in the form of 
an elhpse. The light beam is linearly projected onto the radial grating 115 due 
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to the light condensing characteristics of the cyUndrical lens 113. Since the 
power of the cylindrical lens 113 does not operate in an axial direction 
orthogonal to the projected light beam, the light beam having only the 
original substantially parallel property is obtained. 

5 [0179] FIGS. 38 and 39 are diagrams illustrating results of tracking of ± 
first-order diffracted light beams by projecting a Ught beam having a 
diameter of 1 mm in the same optical system. The annular reflection grating 
14 locally operates as a linear diffraction grating having the pitch of P2. 
Hence, the light beams emitted from the linearly condensed region of the 

10 radial grating 115 and projected onto all portions on the annular reflection 
grating 14 are diffracted and returned to the original optical path to be 
projected onto and diffracted by the radial grating 115, and are returned to 
the non-polarizing beam splitter 12 in a superposed state. This is an effect 
peculiar to the annular reflection grating 14. 

15 [0180] The resultant light beam is guided in a direction different from the 
semiconductor-laser light source 10 by the beam splitter 12, and is detected 
as an interference light beam by the photosensor 16. When ± first-order 
diffracted light beams are used, the period of light and dark of interference 
equals four periods with respect to one pitch of the radial grating 115. As 

20 shown in FIGS. 38 and 39, a substantially circular light beam is obtained on 
the photosensor 16. 

[0181] FIG. 40 is a diagram illustrating a result of calculating a shift of 
the optical path when the diffraction angle changes due to a change in the 
oscillation wavelength of the semiconductor-laser light source 10 by Zl ^ = 
25 10 nm caused, for example, by a change in the temperature environment. In 
this case, the irradiated position on the annular reflection grating 14 is 
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slightly shifted due to a change in the diffraction angle of the diffracted Hght 
by the radial grating 115. However, since the light beam is diffracted with an 
original diffraction angle by the annular reflection grating 14, the position of 
rediffraction by the radial grating 115 and the state of the emitted light beam 

5 are invariable. Hence, the state of interference is stable. 

[0182] FIG. 41 is a diagram illustrating a shift of the optical path when 
the position of the radial grating 115 is shifted by Z] x = 0.5 mm. Even if the 
gap of the radial grating 115 at the position illuminated by the Ught beam is 
reduced, the position of rediffraction by the radial grating 115 and the state of 

10 the emitted light beam are invariable. Hence, the state of interference is 
stable, 

[0183] FIGS. 42 and 43 are diagrams, each illustrating a result of 
calculation when the detection-head unit is shifted with respect to the radial 
grating 115 by y = 0.5 mm in a tangential direction. This case is 

15 equivalent to the case that the radial grating is eccentric by 0.5 mm, and is 
also equivalent to an azimuth error in the arrangement of the scale when 
using a linear grating. Even if the irradiated position is shifted, since the 
light beam is returned to the original optical path by the function of the 
annular reflection grating 14, the position of rediffraction by the radial 

20 grating 115 and the state of the emitted light beam are invariable. FIGS. 42 
and 43 illustrate the optical paths of a + first-order diffracted light beam and 
a —first-order diffracted light beam, respectively. Although the irradiated 
positions on the photosensor 16 are slightly shifted in the vertical direction, 
these light beams are substantially parallel to each other, and the state of 

25 interference is stable. The above-described amount of shift of 0.5 mm is 
provided in order to facilitate understanding of the result of calculation. The 
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amount of shift in the actual encoder is much smaller. 

[0184] FIGS. 44 and 45 are diagrams, each illustrating a shift of the 
optical path when a tilt error of Z] 0 z = 0.5 degrees is given with respect the 
orientation of arrangement of the grating for the angle of installation 
5 between the radial grating 115 and the detection-head unit. The result of 
reading of the optical paths of the ± first-order diffracted light beams shown 
in FIGS, 44 and 45 indicates that, even if a small amount of tilt error is added, 
Cl the difference between the ± first-order diffiracted light beams in the position 

-J of rediffraction by the radial grating 115 and the state of emitted light beams 

i2\ 10 does not change. Hence, the state of interference is stable. 

It; [0185] In FIGS. 44 and 45, the incident light beams on the photosensor 16 

-^^^ are shifted from the surface of the photosensor 16. However, the amount of 

13 shift of 0.5 mm is provided in order to facilitate understanding of the result of 

calculation. The amount of shift in the actual encoder is much smaller, as in 
l! 15 the cases of FIGS. 42 and 43. 

" '! 

=^ [0186] FIGS. 46 and 47 are diagrams, each illustrating a shift of the 

optical path when a tilt error of Zl 0 y = 0.5 degrees is given with respect the 
orientation of arrangement of the grating for the angle of installation 
between the radial grating 115 and the detection-head unit. The result of 
20 reading of the optical paths of the ± first-order diffracted light beams in 
FIGS. 46 and 47 indicates that, even if a small amount of tilt error is added, 
the difference between the ± first-order diffracted light beams in the position 
of rediffi-action by the radial grating 115 and the state of emitted light beams 
does not change. Hence, the state of interference is stable, and the irradiated 
25 position on the photosensor 16 is substantially not shifted. 

[0187] As described above, by combining the annular reflection diffraction 
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grating 14 with linear projection of a light beam, it is possible to make 
provision of a small-size and high-resolution encoder having a large 
allowance in a mounting error to be compatible with detection of a stable 
interference signal. 

5 [0188] FIG. 48 is a perspective view illustrating an encoder according to a 
fifteenth embodiment of the present invention, in which two-phase signals 
are detected by adding a phase-difference-signal generation optical system 
having a polarizing element. By replacing a diffraction- grating scale 15 in 
'^l this hnear encoder by a radial grating, a rotary encoder may also be provided, 

l3l 10 [0189] In FIG. 48, a coUimator lens 11, a non-polarizing beam splitter 12, 
41 a cylindrical lens 113, an annular reflection grating 14, two polarizing, plates 

IVJ 20S and 20P whose orientations of polarization are shifted by 90 degrees from 

'l^ each other, and a diffraction- grating scale 15 are arranged in the optical path 

ill of a light beam from a semiconductor-laser light source 10, serving as an 

nj 15 coherent light source. A 1/4-wavelength plate 21 and a non-polarizing beam 
•"J splitter 22 are arranged in a reflecting direction of the non-polarizing beam 

splitter 12. A polarizing plate 23a and a photosensor 16a are disposed in the 
reflecting direction of the non-polarizing beam splitter 22, and a polarizing 
plate 23b and a photosensor 16b are arranged in the transmitting direction of 
20 the non-polarizing beam splitter 22. 

[0190] According to the above-described configuration, a light beam from 
the semiconductor-laser light source 10 passes through the collimator lens 11 
and the non-polarizing beam splitter 12, and is substantially perpendicularly 
projected onto the diffraction- grating scale 15 after passing through the 
25 cylindrical lens 113 and a central transmitting- window portion of the annular 
reflection grating 14. 
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[0191] A + first-order diffracted light beam reflected from the 

diffiraction-grating scale 15 is emitted with a diffraction angle 9, is 
diffracted and reflected to the original optical path by the annular reflection 
grating 14 provided at an upper portion, and is returned to the non-polarizing 
5 beam splitter 12 by being subjected to + first-order diffraction by the 
diffraction- grating scale 15. 

[0192] A — first-order diffracted light beam reflected from the 

,^r. diffraction- grating scale 15 is emitted in an opposite direction with a 

diffraction angle 0 , is diffracted and reflected to the original optical path by 

"'^ J 

pi 10 the annular reflection grating 14, and is returned to the non-polarizing beam 
splitter 12 by being subjected to ~ first-order diffraction by the 
? diffraction-grating scale 15. 

'l^ [0193] The hght beam projected from the semiconductor-laser light source 

ill 10 -onto the diffraction- grating scale 15 has vertically and horizontally 

ill 15 polarized components. Although the orientations of polarization of the ± 
I'^f first-order diffracted light beams propagated to the non-polarizing beam 

splitter 12 are shifted by 90 degrees from each other and the wavefronts of 
these light beams are superposed, these light beams are not light-and-dark 
light beams. 

20 [0194] As a result, the two light beams reflected by the non-polarizing 
beam splitter 12 pass through the 1/4-wavelength plate 21 and are converted 
into a linearly polarized Ught beam whose orientation of polarization changes 
based on the phase difference between the two light beams. The obtained 
light beam is divided into two hght beams by a non-polarizing beam splitter 

25 22 provided behind the 1/4-wavelength plate 21. Only specific orientations of 
polarization are extracted by the polarizing plates 23a and 23b, and 



light/dark signals are sensed by the photodetectors 16a and 16b. The phases 
(timings) of these light/dark signals are provided by shifts of the orientation 
of polarization of the polarizing plates 23a and 23b. That is, by shifting the 
orientations of polarization of the polarizing plates 23a and 23b by 45 degrees 
5 in opposite directions, the phase difference between the Ught-dark signals is 
set to 90 degrees. 

[0195] FIG. 49 illustrates a sixteenth embodiment of the present 

invention, in which a linear diffraction lens 114 (a linear Fresnel zone plate) 
is used as optical means for projecting a light beam obtained by linearly 

10 condensing a light beam. That is, a linear diffraction lens 25 is integrally 
formed at a central transmitting-window portion of an annular reflection 
grating 14. The Unear diffraction lens 25 is patterned so that the pitch of the 
grating gradually changes from the central portion to the peripheral portion, 
in order to provide the function of a cylindrical lens. Two-phase signals are 

15 detected by disposing a crystal optical element for generating a 
phase-difference signal. 

[0196] FIG. 50 illustrates a seventeenth embodiment of the present 
invention, in which an annular transmission grating 214 is adopted instead 
of the annular reflection grating 14. Diffracted light beams are reflected by a 
20 reflecting surface 215 provided immediately behind the annular transmission 
grating 214, and are projected onto a diffraction-grating scale 15. The pitch of 
the annular transmission grating 214 is set to the same value as the pitch of 
the diffraction-grating scale 15. 

[0197] In FIG. 50, a collimator lens 11, a non-polarizing beam splitter 12, 
25 a cylindrical lens 13, the annular transmission grating 214 having the 
reflecting surface 215 immediately behind it, two polarizing plates 20S and 
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20P whose orientations of polarization are shifted by 90 degrees from each 
other, and the diffraction- grating scale 15 are arranged in the optical path of 
a semiconductor-laser light source 10, serving as a coherent light source. A 
1/4-wavelength plate 21 and a non-polarizing beam sp Utter 22 are arranged 
5 in the reflecting direction of the non-polarizing beam splitter 12. A polarizing 
plate 23a and a photosensor 16a are disposed in the reflecting direction of the 
non-polarizing beam splitter 22, and a polarizing plate 23b and a photosensor 
16b are arranged in the transmitting direction of the non-polarizing beam 
~il splitter 22. 

'^l 10 [0198] According to the above-described configuration, a light beam from 
the semiconductor-laser light source 10 passes through the collimator lens 11, 
the non-polarizing beam splitter 12 and a central transmitting-window 
portion of the annular transmission grating 214, and is substantially 
perpendicularly projected onto the diffraction-grating scale 15 via the 
15 cylindrical lens 13. 

[0199] A + first-order diffracted light beam reflected from the 

diflSraction- grating scale 15 is emitted with a diffraction angle 9 , is returned 
to the original optical path at the reflecting sxirface 215 immediately after 
being refracted by the annular transmission grating 214 provided at an upper 
20 portion, and is returned to the non-polarizing beam sphtter 12 by being 
subjected to + first-order diffraction by the diffraction- grating scale 15. 
[0200] A — first-order diffracted Ught beam reflected from the 

diffraction-grating scale 15 is emitted with a diffraction angle 6 in the 
opposite direction, is returned to the original optical path at the reflecting 
25 surface 215 immediately after being diffracted by the annular transmitting 
grating 214, is again diffracted and deflected by the annular transmitting 
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grating 214, and is returned to the non-polarizing beam splitter 12 by being 
subjected to —first-order diffraction by the diffraction- grating scale 15. 
[0201] The light beam projected from the semiconductor-laser hght source 
10 onto the diffraction-grating scale 15 has a polarized component whose 

5 orientation is 45 degrees with respect to the optical axes of the polarizing 
plates 20S and 20P. Hence, the ± first-order diffracted light beams 
propagated to the non-polarizing beam splitter 12 are Hnearly polarized light 
beams having planes of polarization orthogonal to each other. When the two 
light beams are subjected to vector synthesis after passing through the 

10 1/4-wavelength plate 21, a linearly polarized light beam whose orientation of 
polarization changes based on the phase difference between the two light 
beams is obtained. Accordingly, light/dark signals are obtained by extracting 
only specific orientations of polarization of light beams obtained by dividing 
the linearly polarized light beam by the polarizing plates 23a and 23b. The 

15 phases (timings) of these light/dark signals are provided by shifts of the 
orientation of polarization of the polarizing plates 23a and 23b. Hence, by 
shifting the orientations of polarization of the polarizing plates 23a and 23b 
by 45 degrees in opposite directions, the phase difference between the 
light-dark signals is set to 90 degrees. 

20 [0202] In FIGS. 48 and 50, phase-difference plates may be inserted 
instead of the polarizing plates 20S, 20P, 23a and 23b in order to obtain a 
phase-difference signal. Furthermore, in FIG. 50, these polarized-state 
changing elements may be inserted between the annular transmission 
grating 214 and the reflecting surface 215. 

25 [0203] In the above-described embodiments, partial modification may be 
performed with respect to the following items. 
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[0204] (a) The cylindrical lens 113 is replaced by an optical element 
having equivalent functions. 

[0205] (b) The cylindrical lens 113, and the annular reflection grating 14 
or the annular transmission grating 214 are integrated. For example, the 
5 annular reflection grating 14 is formed on the plane side of the cylindrical 
lens 113. 

[0206] (c) The functions of the cylindrical lens 13 and the collimator lens 

11 are replaced by the functions of toric lenses or hologram lenses. 

[0207] (d) In the diffraction- grating scale 15 and the radial diffraction 

10 grating or the annular reflection grating 214, diffracted light beams having a 
diffraction order other than the ± first-order diffracted light beams are used, 
[0208] (e) The polarizing plates 20S, 20P, 23a and 23b are replaced by 
prisms, each having a polarizing film, or fine-grating patterns, serving as 
other elements having the equivalent functions. 

15 [0209] (f) The phase-difference plates, i.e., the 1/4-wavelength plate and 
the 1/8-wavelength plates, are replaced by fine-structure patterns or other 
anisotropic materials having functions equivalent to the functions of a crystal 
optical element, such as quartz or the like, 

[0210] (g) The same effects are obtained by providing at least two phases 
20 for a phase-difference signal and setting the phase difference to a value other 
than 90 degrees, and partially changing the arrangement of polarizing 
elements or phase-difference plates. 

[0211] (h) In the above-described embodiments, the non-polarizing beam 
splitters 12 and 22 are used in order to guide light beams to be projected onto 
25 the diffraction- grating scale 15 and to guide rediffracted light beams to the 
photosensor 16, respectively However, the light beams may be guided by 
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using any other appropriate beam dividing/synthesizing means, such as 
diffraction gratings or the hke, or by separating light beams by spatially 
shifting forward and backward optical paths, or by selectively reflecting only 
one of the hght beams and gmding the selected light beam to the photosensor 
5 16. 

[0212] (i) For example, by changing the order of arrangement of the 
collimator lens 11, the non-polarizing beam splitter 12, the cylindrical lens 13, 
the annular reflection grating 14 and the annular transmission grating 214, 
another optical arrangement is adopted in order to provide a system of 

10 linearly condensing a light beam onto the diffraction- grating scale 15. 

[0213] In the above-described embodiments, for example, an element 
having a reflecting film deposited in the vacuum on the back of a glass plate 
processed by etching or the like can be used as the annular reflection grating. 
Hence, an excellent environment resisting property is provided. 

15 [0214] As described above, the optical encoder according to the present 
invention has the following effects by optimizing a state of projection of a 
light beam onto a diffraction-grating scale or an annular diffraction grating. 
[0215] (l) The interfered wavefronts of the diffracted light beams tend to 
coincide with each other, a flat light-dark pattern is obtained, and a stable 

20 encoder signal having an excellent S/N ratio can be obtained. 

[0216] (2) Since, for example, a plane optical element can be used as the 
annular reflection grating, the space of arrangement is not complicated, and 
a small encoder can be easily provided. 

[0217] (3) Since variations in the wavelength of the light beam from the 
25 light source are corrected, an interference signal is stabilized. 

[0218] (4) Since an alignment error is corrected, even an encoder in which 




a diffraction- grating scale and a detection head are separated can be 
relatively easily mounted. 

[0219] (5) The size of a beam reflecting optical element is small and the 
number of components is small. Hence, by adding deflection means to 

5 light-beam projection means, the degree of freedom in the method or the 
direction of projection of a light beam onto a diffraction-grating scale is 
increased, and a wider posture of application can be obtained. 
[0220] (6) Since rediffracted light beam is guided to the photosensor 
without greatly spreading, it is possible to perform detection with a small loss 

10 and an excellent S/N ratio. 

[0221] The individual components shown in outline in the drawings are 
all well known in the optical encoder arts and their specific construction and 
operation are not critical to the operation or the best mode for carrying out 
the invention. 

15 [0222] While the present invention has been described with respect to 
what are presently considered to be the preferred embodiments, it is to be 
understood that the invention is not limited to the disclosed embodiments. To 
the contrary, the present invention is intended to cover various modifications 
and equivalent arrangements included within the spirit and scope of the 

20 appended claims. The scope of the following claims is to be accorded the 
broadest interpretation so as to encompass all such modifications and 
equivalent structures and functions. 
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